The new clay modified with triazole and triazolium ligands was prepared in this research. These materials were applied as abundant and eco-friendly adsorbents for removal of heavy metal ions such as Pb(II), Co(II) and Zn(II) ions. The adsorption efficiency of these materials was calculated by relevant equations such as Langmuir and Freundlich as well as kinetic studies with pseudo-first-order and pseudo-second-order models. These adsorbents proved to be very active on heavy metal ion adsorption. The characterization of these new materials was carried out by various techniques such as X-ray diffraction, thermogravimetric analysis, scanning electron microscope (SEM), X-ray photoelectron spectroscopy and energy-dispersive X-ray spectroscopy as well as SEM-map analysis. Eventually, the catalytic activity of the adsorbents which treated with heavy metal ion solutions was studied in the reduction of nitroarenes to its corresponding amines. The prepared adsorbent-catalyst materials indicated efficient catalytic activity in the reduction of nitroarenes to amines in ambient conditions. Editorial responsibility: Fatih Şen.
Introduction
Heavy metals toxicities are one of the most dangerous environmental contaminants which have a relatively high density compared to water (Häni 1990; Ngah and Hanafiah 2008; Fu and Wang 2011) . The contamination of water and soil recourses by heavy metals is a serious worldwide problem, and it is challenging to eliminate their long-term effects (Agudosi et al. 2018a, b) . The removals of these contaminants metals are crucial because they are persistent, bioaccumulative, and able to disrupt the metabolic functions and vital organs in livelihoods. Another toxic and hazardous category of organic compounds are nitroarenes, which are the common environmental contaminants and considered as major industrial activities, mining and coal combustion (Lin 1987; Tokiwa et al. 1986; Zwirner-Baier and Neumann 1999) . Reduction of the nitroarenes is undoubtedly the most important way to decrease the possibility of environmental degradation by aromatic nitro compounds (Riefler and Smets 2000; Sabbioni and Jones 2002) . Extensive research has been carried out to introduce materials which can remove and alleviate heavy metal ions from the wastewaters. Some of the recent important methods used for the removal of heavy metal ions are chemical precipitation (Charerntanyarak 1999) , membrane filtration (Bessbousse et al. 2008) , ion exchange (Dabrowski et al. 2004) , electrolytic methods (Nojiri et al. 1980) , and solvent extraction (Yun et al. 1993 ). However, these methods have several disadvantages such as high reagent requirement, unpredictable metal ion removal, generation of toxic sludge, etc. Among the different techniques, the adsorption process is considered as the best one because it is straightforward, economically very significant, practical and versatile, which has become the most preferred method for removal of toxic contaminants from wastewater. Such materials are zeolites, biosorbents, activated carbon, fly ash, mesoporous and clays which have gained more attention than the other adsorbents due to the high surface area as well as being eco-friendly (Zhu et al. 2012; Padilla-Ortega et al. 2013) .
Clay is a naturally occurring compound of aluminum silicate ((AlO) 2 SiO 3 ) composed of fine-grained minerals which have gained much attention during the recent decades (Alvarez-Ayuso and Garćia-Sánchez 2003; Uddin 2017) . They are defined as soils with particles smaller than 2 μm having a layer structure (Velde 1992; Chenu and Plante 2006) . Small size and layer structure provide them with a high surface area; hence, it is capable of heavy metal adsorption within its layers (Velde 1992; Bhattacharyya and Gupta 2008) . Among different kinds of clays, clinochlore is an important one which belongs to the chlorite group (Welch and Marshall 2001; Kleppe et al. 2003; Gopal et al. 2004) . The chemical formula of clinochlore is (Mg 5 Al)(AlSi 3 )O 10 (OH) 8 , and it crystallizes in monoclinic (Welch and Marshall 2001; Kleppe et al. 2003; Gopal et al. 2004 ). Due to strong interactions between the elements such as nitrogen, sulfur and phosphor with few heavy metals like Cu, Cd, Pb, Zn, Ni, Co and also in order to increase adsorption efficacy, the clays are modified with sorts of ligand (Celis et al. 2000; Esalah and Husein 2008; Jlassi et al. 2018) . Potentially, clays can physisorbed the metals in their structures, but in this case, the adsorption capacity has a limited value which could be increased by modification of clay surface (Altın et al. 1998; Lin and Juang 2002; Bhattacharyya and Gupta 2008) .
In this study, we modified the raw clinochlore with triazole and triazolium ligands and its application for adsorption of heavy metal ions such as Co(II), Pb(II) and Zn(II) from industrial wastewater is presented. Moreover, the catalytic activities of the modified clinochlore which are treated with heavy metal ions were proved in the reduction of nitroarenes to amines.
Materials and methods

Experimental
All materials were purchased from Sigma-Aldrich, Acros and Merck Millipore. Reactions were monitored by thinlayer chromatography (TLC) using Merck silica gel 60F254 glass plate with 0.25 mm thickness. Clinochlore was purchased from Daneshmand chemical trading co (Iran). Column chromatography was carried out on silica gel 60 Merck (230-240 mesh) in a 2-cm-diameter column. 1 H NMR and 13 C NMR spectra were recorded at 400 MHz and 100 MHz, respectively, on a Bruker Avance HD. Chemical shifts are given on the δ-scale in ppm, and residual solvent peaks were used as internal standards. X-ray diffraction (XRD) patterns were recorded using Philips X'Pert Pro instrument. The SEM images were captured with JEOL JSM 840. XPS analyses were performed using a K-Alpha spectrometer. Thermogravimetric analysis was conducted from room temperature to 800 °C in an oxygen flow using a NETZSCH STA 409 PC/PG instrument.
Synthesis of (1-benzyl-1H-1,2,3-triazol-4-yl) methanol (Tzl-OH)
In a 10-mL flask, sodium azide (1.5 mmol, 97.5 mg), benzyl bromide (1 mmol, 0.11 mL), methanol (2 mL) and deionized water (0.1 mL) were added and stirred for 30 min at room temperature. Then propargyl alcohol (3 mmol, 0.17 mL) and copper iodide (0.1 mmol, 19 mg) were added to the mixture, and the reaction was stirred at room temperature. After 72 h, the reaction mixture was diluted with deionized water and extracted with ethyl acetate (3 × 5 mL). The combined organic layers were dried over Na 2 SO 4 . Afterward, the resulting solution was concentrated with a rotary evaporator and further purification was done by column chromatography. The product was achieved in 90% isolated yield. In order to dry the resultant product, it was placed in 60 °C oven for 24 h.
Synthesis of 1-benzyl-4-(hydroxymethyl)-3-methyl-1H-1,2,3 -triazolium (IL-Tzl-OH)
In a 10-mL flask, dry acetonitrile (5 mL) was added to (1-benzyl-1H-1,2,3-triazol-4-yl)methanol (2 mmol, 378 mg) and stirred for 10 min. Then methyl iodide (10 mmol, 0.623 mL) was added to the mixture slowly, and the reaction was stirred for 24 h under reflux condition. After the reaction time, the mixture was washed with ethyl acetate (3 × 5 mL) and the resulting sticky oil was placed in the rotary evaporator to remove the remaining amount of methyl iodide. The product was obtained in 96% isolated yield. The resulting product was placed in an oven of 50 °C under vacuum condition for overnight.
Preparation of Cl@clinochlore (Cl@Clin)
In a 50-mL flask, dry toluene (10 mL) was added to clinochlore (1 g), and it was sonicated for 15 min. Next (3-chloropropyl)triethoxysilane (5 mmol, 1.2 mL) was added to the mixture slowly, and it was reflux for 24 h under argon atmosphere. After 24 h, the whole reaction mixture was poured to a 15-mL falcon and centrifuged at 4000 rpm for 15 min. Then, the supernatant was decanted, and the remaining solid was washed with deionized water (10 mL) and acetone (10 mL). Next, the mixture was centrifuged again and the final sediment was placed in an oven of 60 °C for 24 h.
Preparation of Tzl-OH@Clin and IL-Tzl-OH@Clin
In a 25-mL flask, dry THF (10 mL) was added to Tzl-OH (1 mmol, 189 mg) or IL-Tzl-OH (1 mmol, 331 mg) and stirred for 15 min at room temperature under argon atmosphere. Then, sodium hydride (NaH) (2 mmol, 48 mg) was added to the mixture under argon atmosphere. The mixture 1 3 was stirred at room temperature for 1 h. Next, Cl@Clin (0.5 g) was added to the mixture, and the reaction was refluxed under argon atmosphere for 24 h. Afterward, the reaction was allowed to reach the room temperature, and the residue solid was separated by centrifugation (15 min at 3500 rpm). The resulting sediment was washed with deionized water (10 mL) and acetone (10 mL), respectively. The obtained material (Tzl-OH@Clin) or (IL-Tzl-OH@Clin) was placed in an oven of 60 °C for 24 h.
Adsorption experiments
In order to perform adsorption experiments, the adsorbent (5 mg) was added to the aqueous solution (20 mL, 20 mg/L) of Co(II), Zn(II) and Pb(II). The mixture was stirred for 3 h to reach equilibrium adsorption capacity. Then, the mixture was centrifuged at 2000 rpm for 15 min, and atomic adsorption analysis (AAS) of the resulting supernatant determined the concentration of heavy metal ions after treatment. All the adsorption experiments were carried out at room temperature (25 °C).
The equilibrium adsorption capacity and equilibrium adsorption capacity at the time (t) were calculated by the following equations.
where C 0 is initial heavy metal ion concentration (mg/L), C e is the concentration of heavy metal ion after equilibrium (mg/L), C t is the concentration of heavy metal ion at time t (mg/L), V is the solution volume (L), and m is the mass of adsorbent (g).
Effect of initial heavy metals ion concentrations on equilibrium adsorption capacities
In order to investigate the effect of initial heavy metal ion concentration on adsorption capacity, the same process as the above part was done except the initial heavy metal ion concentrations were changed to 10-80 mg/L for Pb(II), Zn(II) and Co(II). In order to prevent heavy metal ion precipitation by OH − and higher efficiency of adsorbents, the pH values were set to 5 for this experiment.
Effect of pH on the equilibrium adsorption capacity
To study the equilibrium adsorption capacity changes in different pH values, the experiments were carried out on the pH range of 2-8. The pH value was fixed to 2 by using the
buffer solution of KCl/HCl, sodium acetate/acetic acid for pH range of 3-6 and HEPES-Na (4-(2-hydroxyethyl)-piperazine-1-ethanesulfonic acid, sodium salt) for pH range of 7-8.
Kinetic study
To study kinetic behavior of adsorbent, the equilibrium adsorption capacities of adsorbents (5 mg) in the treatment with solutions (20 mL, 20 mg/L) of Pb(II), Zn(II) and Co(II) were determined in the time intervals of 0-180 min and the pH value was set to 5.
Procedure for adsorption of heavy metal ions in industrial wastewater
In order to study removal efficacy in industrial wastewaters, first, the solution (20 mg/L, 20 mL) of the Pb(II), Co(II) and Zn(II) was made and treated with Tzl-OH@Clin(10, 50 and 100 mg) for 3 h. Then, the whole mixture was centrifuged, and the concentrations of heavy metal ions were determined by atomic absorption of the supernatants.
Determination of Co(II) concentration on the Tzl-OH@Clin structure by AAS
In order to determine the concentration of adsorbed Co(II) in the absorbent structure, the adsorbent treated with Co(II) solution (20 mg) was dissolved in aqua regia (5 mL) and stirred for 12 h. Then, the mixture was poured to the 15-mL falcon, and it was centrifuged at 3000 rpm for 10 min. Next, the supernatant was decanted to the volumetric flask (25 mL) and reached the total volume to 25 mL via deionized water. Afterward, the concentration of the metal was gained by the AAS of the resulting solution.
Procedure for reduction of nitroarenes
To perform nitro reduction reaction, in a 10-mL flask, Tzl-OH@Clin treated with Co(II) solution (15 mg, 1.60 mol%) was added to the sodium borohydride solution [2.7 mM in 1.5 mL mixture of deionized water and THF (9:1)]. Then the nitroarene (1 mmol) was added to the mixture slowly and stirred for different time intervals. The completion of the reaction was monitored by TLC. After the reaction was completed, the mixture was diluted with deionized water (4 mL) and it was extracted with ethyl acetate (3 × 2 mL). Next, the combined organic layer was treated with sodium sulfate and it was filtered and the resulting organic layer was concentrated with a rotary evaporator. The yield was obtained by gas chromatography (GC), and the further purification was done by column chromatography.
Results and discussion
Synthesis of (1-benzyl-1H-1,2,3-triazol-4-yl)methanol (Tzl-OH) and 1-benzyl-4-(hydroxymethyl)-3-methyl-1H-1,2,3triazolium (IL-Tzl-OH) was proceeded by the initial synthesis of benzyl azide, and its reaction was shown with propargyl alcohol in the presence of copper iodide as the catalyst at room temperature. The corresponding 1,2,3-triazole (Tzl-OH) product was treated with methyl iodide under reflux condition to obtain 1,2,3-triazolium (IL-Tzl-OH) product. Further, to modify raw clinochlore with triazole and triazolium ligand, firstly the chlorinated clinochlore (Cl@ Clin) was made by adding 3-chloropropyltriethoxysilane to the fresh clinochlore and then the grafting process for both Tzl-OH and IL-Tzl-OH to Cl@Clin was done by treating ligands with sodium hydride in THF and adding Cl@Clin at the end. Finally, the clinochlore modified with triazole (Tzl-OH@Clin) and triazolium (IL-Tzl-OH@Clin) was obtained (Scheme 1). The 1 H and 13 C NMR spectra of both Tzl-OH and IL-Tzl-OH were investigated, and it shows synthesis processes of the corresponding products were successful (Figs. 1 and 2 ESI).
The thermogravimetric analysis (TGA) of Cl@Clin, Tzl-OH@Clin and IL-Tzl-OH@Clin showed a weight loss at 120 °C, which is due to the presence of some water molecules in the structures. Also, related to the Cl@Clin, two increases on the weight loss were observed in 200 °C for Tzl-OH@Clin and IL-Tzl-OH@Clin, which is according to the additional of organic groups contained in grafted ligands to the Cl@Clin. Overall weight loss of IL-Tzl-OH@Clin Scheme 1 The schematic routes for the preparation of Tzl-OH@ Clin and IL-Tzl-OH@Clin was about 54.12% and for Tzl-OH@Clin was about 42.13%, which is smaller than IL-Tzl-OH@Clin. This may relate to addition of methyl and some heavy elements such as iodine (I − ) to the triazole structure (Fig. 1) .
The X-ray photoelectron spectroscopy (XPS) study of the Tzl-OH@Clin in the nitrogen region showed two peaks at the binding energies of 400.18 and 401.88 eV which are related to the triazole nitrogen ( Fig. 2a ) (Fortgang et al. 2016) . The XPS spectra of IL-Tzl-OH@Clin at nitrogen region showed a single peak at the binding energy of 402 eV which is related to triazolium nitrogens ( Fig. 2b) (Obadia et al. 2015) .
In order to investigate the structure of clinochlore, the SEM images at different magnifications were taken ( Fig. 3 ).
An X-ray powder diffraction (XRD) spectrum of clinochlore was also examined (Fig. 4) , and the XRD pattern was similar to previous literature (Hemanthkumar et al. 2009 ).
Heavy metal ion adsorption
In order to study the adsorption ability of clinochlore, Tzl-OH@Clin and IL-Tzl-OH@Clin, the solution of Zn(II), Co(II) and Pb(II) (20 mg/L) was treated with the specified amount of adsorbents (5 mg) at room temperature. Equilibrium adsorption capacities (q e ) were achieved after 3-h stirring of the adsorbents with metal ion solutions. In order to compare the adsorption efficacy of three adsorbents, the q e values of three adsorbents were obtained in different equilibrium concentrations (C e ), and the results are shown in Fig. 5 . According to the results, the q e values for Tzl-OH@ Clin were higher than raw clinochlore and IL-Tzl-OH@Clin which shows better interactions of triazole nitrogens with heavy metal ions (Fig. 5 ). The results indicated that on the pH of 5, the maximum amounts of q e were obtained and at higher pH, the amounts of q e were decreased. It may be due to precipitation of metal ions with hydroxide ions (OH − ). Also, at pH 4, the q e values did not have significant changes. On the pH amounts of 3 and 2, the q e values decreased and it is probably caused by disturbance of H + Ions and its interaction with triazole nitrogens which may prevent metal ions from being adsorbed by Tzl-OH@Clin and IL-Tzl-OH@Clin. No significant changes were observed in raw clinochlore as an adsorbent with pH decreasing (Fig. 6) .
The effect of initial heavy metal ion concentration on adsorption capacity was also examined. The adsorption behaviors were studied with Langmuir and Freundlich equations (Eqs. 3 and 4).
(
where C e (mg/L) is equilibrium concentration, q e (mg/g) is equilibrium adsorption capacity, K L is Langmuir constant which is related to binding affinity, q max is the maximum adsorption capacity (mg/g), K f is the Freundlich constant which is related to the adsorption capacity, and n is related to adsorption intensity. The two isotherm models were fitted (Fig. 7) , and the results are collected in Table 1 .
According to results, the q max values for the adsorption of Co(II) by raw clinochlore, Tzl-OH@Clin and IL-Tzl-OH@ Clin were 28.73, 84.74 and 65.78, respectively. In addition, the adsorption capacity of Tzl-OH@Clin for adsorbing Co(II) was higher than that of the other two adsorbents. Also, in the case of adsorbing other metal ions, the results indicated that the best adsorption capacities were achieved by using Tzl-OH@Clin as the adsorbent. However, the adsorption capacity of IL-Tzl-OH@Clin was a bit lower than Tzl-OH@Clin, which may be due to the ionic structure of the adsorbent and establishing a weaker binding with metal ions. Also, the existence of the counter anion around The n values of the three adsorbents were ranged from 2.39 to 5.42. The more n value is greater than 1 (1/n closer to 0), the more adsorbent shows heterogeneous behaviors (de Sá et al. 2017) . In this study, the maximum n values were achieved for IL-Tzl-OH@Clin as adsorbent, and in this regard, the n values for adsorption of Co(II), Pb(II) and Zn(II) were calculated to be 4.31, 4.00 and 5.42, respectively. The K f values for Tzl-OH@Clin and IL-Tzl-OH@Clin as adsorbents were much greater than raw clinochlore, which results from the interactions between metal ions and ligands. Investigation of the correlation coefficient (R 2 ) values indicated that the minimum value for R 2 in Langmuir model was 0.9972 and the maximum value was 0.9998, all of which are very close to 1. In Freundlich model, these values are 0.8883 and 0.9620, respectively. By comparing R 2 values for Langmuir and Freundlich model, it can be concluded that the R 2 values for Langmuir model are closer to 1 than those for Freundlich model. It means the adsorption model of adsorbents is more corresponding to Langmuir model than to Freundlich model. Also, the kinetic study of the adsorption process was carried out by using pseudo-first-order model and pseudosecond-order model (Eqs. 5 and 6).
where q e (mg/g) and q t (mg/g) are the adsorption capacity at equilibrium and adsorption capacity at time (t), respectively. In addition, K 1 (1/min) and K 2 (g/mg min) are the pseudofirst-order and pseudo-second-order constants, respectively.
The two kinetic models were fitted (Fig. 8 ) and the kinetic parameters calculated (Table 2) .
According to the results, the R 2 values for the pseudofirst-order ranged from 0.9753 to 0.9938 and for pseudosecond-order it ranged from 0.9994 to 0.9998. The R 2 values of pseudo-second-order model closer to 1 than those of pseudo-first-order model, which declares that the adsorption of metal ions by adsorbents is mostly performed through chemical adsorption (Ho and McKay 1998) .
The adsorption capacities at different time intervals were also studied ( Fig. 9) . The results showed a sharp increase in the initial 25 min. After 25 min, the adsorption capacity did not change significantly. The application of the adsorbents was also studied in the adsorption of heavy metal ions contained in wastewaters. In this regard, the specific amount of Tzl-OH@Clin (10, 50 and 100 mg) was treated with the wastewater (20 mL) and stirred for 3 h in order to reach the equilibrium adsorption capacity at the room temperature. In the next step, the adsorbent was separated by centrifugation and the AAS of the remaining supernatant showed that the heavy metal ions were mostly removed after treated with adsorbent. The results are presented in Table 3 .
In the case of using 10 mg of Tzl-OH@Clin for adsorption of Co(II), Pb(II), and Zn(II), removal efficacy of 91%, 89.50%, and 90.25% was obtained, respectively. When the adsorbent amount was increased to 50 mg, these values were changed to 95%, 95.15% and 95.75%. By increasing adsorbent amount to 100 mg, almost all the metal ions were adsorbed (99.40%, 98.50% and 98.90% for Co(II), Pb(II) and Zn(II), respectively).
To find out the relationship between temperature and adsorption ability, we carried out the adsorption process at 25 °C, 35 °C and 45 °C (Fig. 10) .
In this regard, thermodynamic parameters such as standard enthalpy (ΔH°), standard entropy (ΔS°) and Gibbs free energy (ΔG°) were calculated (Table 4 ). The aforementioned parameters were calculated by Eqs. 7 and 8 as follows:
where R (8.314 J/mol K) is the universal gas constant, T (°K) is the solution temperature, and K d is the distribution coefficient.
To calculate the free Gibbs energy (ΔG°), Eq. 9 was used:
The results of these calculations are inserted in Table 4 . According to the results, ΔH° and ΔS° values are both positive, which means the adsorption processes are likely to be endothermic and carried out by entropy, respectively (Boparai et al. 2011 ). Furthermore, results of free Gibbs energy calculations showed that the values are all negative, which showed that the adsorption is a spontaneous process and the degree of spontaneity increased with raising temperature (Table 4 ).
In order to indicate the presence of metal ions in the adsorbent structure, XPS analysis was taken from Tzl-OH@Clin treated with standard metal ion solutions. Results showed two peaks at the binding energy of 780.68 and 796.58 eV, which are related to Co(II) 2p 3/2 and Co(II) 2p 1/2 , respectively. Also, two deconvoluted peaks at 785 and (7) Fig. 8 Two kinetic models a pseudo-first order and b pseudo-second order of adsorption of Co(II), Pb(II) and Zn(II) by raw clinochlore, Tzl-OH@Clin and IL-Tzl-OH@Clin 1 3 800 eV are related to Co(III) (Fig. 11a) (Patil et al. 2014 ).
The study of XPS spectra in the Pb region revealed that two peaks at binding energy of 138 and 142.88 eV are related to Pb(II) 4f 7/2 and Pb(II) 4f 5/2 . Moreover, two peaks at 139.48 and 144.38 eV are related to Pb(II) ions of PbO species (Fig. 11b ) (Burungale et al. 2016 ). In the Zn region, two peaks at 1021.98 and 1045.08 eV are related to Zn(II) species ( Fig. 11c) (Xu et al. 2013 ). The SEM-map and EDX analysis of Tzl-OH@Clin treated with metal ion solutions proved the presence of metal ions species in the adsorbents structures ( Figs. 12 and 13) .
Comparison of this work with some other relevant literatures showed that the prepared adsorbents exhibit appropriate adsorption capacities, and in some cases it is superior to some other related works. In addition, Tzl-OH@Clin could adsorb three kinds of heavy metal ions with an acceptable adsorption capacity values and also being as an eco-friendly adsorbent would make this clay-based adsorbent to be as a useful material on industries specifically in the way of declining pollutions (Table 5) . Moreover, to broad our perspective in the applications of the prepared adsorbents, we investigated the catalytic ability of the aforementioned adsorbents.
In order to find out the catalytic activity of the adsorbents, the specific amount of them (15 mg) was treated with heavy metal ion solutions. After 3 h (equilibrium time), the adsorbents were separated and washed by deionized water and acetone. Then, the concentrations of the metals adsorbed in the structure adsorbents were determined by AAS. Next, reduction of 1-chloro-4-nitrobenzene was selected as a model reaction to study the catalytic activity of the adsorbents with metals in their structures. In the beginning, the reactions were undergone with 15 mg of three adsorbents containing metals ions as the catalyst (0.5-1.6 mol% of metal in its structure) in deionized water as the solvent, sodium borohydride as the reducing agent and at room temperature. The highest yield was obtained using Tzl-OH@ Clin treated with Co(II) as the catalyst (Table 6) .
In order to reach the optimized condition for the reduction of nitroarenes by Tzl-OH@Clin, we studied the reduction of 1-chloro-4-nitrobenzene at different temperatures (Table 7) . Results indicated that 63% and 75% of the corresponding product were achieved when the temperatures were 25 and 35 °C, respectively (entries 1 and 2, Table 7 ). Moreover, very good and excellent yields were obtained in the cases of 50 and 70 °C (entries 3 and 4, Table 7 ). However, as the amines are such sensitive agents to oxidization, so the high temperature like 70 °C could make amines to be oxidized by the oxygen contained in the atmosphere. In this regard, we chose 50 °C as the optimum temperature and tried to investigate the solvent effect in the reduction efficiency. In the next study, we determined the effect of different solvents in the reduction progression. Results showed the corresponding product was obtained in poor-to-moderate yields by using organic solvents as the solvent of the reduction (entries 1-7, Table 8 ). In the case of ethanol and water, 65 and 88% of the product were attained, respectively (entries 8 and 9, Table 8 ).
Next, we investigated the impact of additional THF, EtOH and acetone to the aqueous medium. Results indicated that 95, 92 and 90% of the product were obtained by the addition of THF, EtOH and acetone, respectively (entries 10-12, Table 8 ). Eventually, 15 mg of the Tzl-OH@Clin treated with Co(II) [contains 1.60 mol% of Co(II)], H 2 O/THF (9:1) as the solvent and NaBH 4 (4 equivalent) at 50 °C were selected as the optimization reaction condition. By reaching the optimized reaction condition, reductions of other nitroarene derivatives were undergone (Table 9 ). The results indicated that nitronaphthalene was reduced to its corresponding amine harder than nitrobenzene due to its lower solubility (entries 1-2, Table 9 ). Also, 4-chloroaniline and 4-bromoaniline were achieved in excellent yields due to the existence of withdrawing groups on the para position of nitro group (entries 3-4, Table 9 ). Reduction of ortho and para nitro toluene achieved the corresponding products in excellent yields, but regarding the steric effect of ortho position, the ortho toluidine was gained in longer time and lower yield than para toluidine (entries 5-6, Table 9 ). Presence of the electron-donating groups such as methoxy (-OMe) and hydroxy (-OH) on the nitrobenzene ring could reduce the reaction rate and yields. In the case of 4-nitroanisole and nitrophenols isomers, corresponding products were obtained in excellent (94%) and good yields (81-88%), respectively (entries 7-10, Table 9 ). The catalyst effectively reduced the nitroarenes, and amine products were achieved in good-toexcellent yields (Table 9) .
Furthermore, to investigate the reusability of Tzl-OH@ Clin, 1-chloro-4-nitrobenzene was selected as the model reaction. The catalyst was recycled for up to 4 cycles in the reduction. During the first 3 cycles, just a little change was observed (15% decline in the product yield). However, in the run 4th, the yield was dropped to 57%, which may be related to the leaching of the Co species into the reaction medium (Table 10 ). These results indicated that the catalyst could play a dominant role in the future industries by being as a sustainable and reusable adsorbent/catalyst type. 
Conclusion
The modification of the clinochlore was carried out by attachment of triazole and triazolium ligands to the clinochlore surface, and the new prepared materials (Tzl-OH@Clin and IL-Tzl-OH@Clin) showed excellent capability in the adsorption of toxic heavy metal ions such as Co(II), Pb(II) and Zn(II). Treated Tzl-OH@Clin with the solutions of heavy metal ions, particularly Co, exhibited good catalytic activity in the reduction of nitroarenes. In the end, these materials indicated good adsorption efficacy in the heavy metal ion adsorption of industrial wastewaters and also could be as an effective catalyst after treated with heavy metal ion solutions. Reaction condition: nitroarene (1 mmol), NaBH 4 (4 mmol), catalyst (15 mg) and H 2 O/THF (1.5 mL) at 50 °C GC yields Table 10 Recycling of the Tzl-OH@Clin Reaction condition: 1-chloro-4-nitrobenzene (0.5 mmol), NaBH 4 (2 mmol), catalyst (8 mg), time (12 h) and H 2 O/THF (9:1) (1.5 mL) at 50 °C a GC yields Number of cycles 1 2 3 4
Yield of product (%) a 95 87 80 57
